World energy structure and choices of Chinese energy strategy  by Qiang, Li & Xing-kang, Qi
  
Procedia Earth and Planetary Science 1 (2009) 1723–1729 
www.elsevier.com/locate/procedia
 
The 6th International Conference on Mining Science & Technology 
World energy structure and choices of Chinese energy strategy 
Li Qianga,*, Qi Xing-kangb 
aDepartment of Fiance, China University of Mining & Technology, Xuzhou 221116, China 
bSchool of Management, China University of Mining & Technology, Xuzhou 221116, China 
 
Abstract 
From the perspective of the national energy endowment, it studied national energy strategies. It carried on the comparison and the 
thoroughly analysis to the energy strategies which were chosen from several typical countries with different stages of 
development and different energy endowments. It drew some important characteristics and rules of the world energy structure. 
With the adjustment of global energy structure, the energy strategy of China should be placed at a continuable energy strategy in 
three decades. The energy development would be paid more attention to energy security, efficiency, and diversification. In next 
three decades, China should innovate in the energy technology, and seek for the new energy substitutes positively. That using the 
multiplex energy supplies attenuated, or substituted for the ultra proportion of coal in China. 
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1. Proved reserves of primary energy 
Up to now, primary energy had been the main part of the world energy consumption. In the work, primary energy 
especially meant oil, natural gas, coal, nuclear energy and hydroelectricity. 
There were obviously differences in energy proved reserves among regions (Fig. 1). In 2007, the oil proved 
reserves of Middle East was most abundant in world, attaining the 755.32 thousand million barrels and taking 
61.02% of world quantity. Europe & Eurasia had 11.61% of world oil proved reserves, while S. & Cent. America 
and Africa took about 9%. The oil proved reserves of Asia Pacific and North America were the least in the regions, 
which respectively took 3.30% and 5.60% of world oil proved reserves. But the regions were the gatherings areas of 
EMEs and developed countries, which consumed 60% energies of the world. Middle East also took the first place on 
proved reserves of natural gas, in which it kept 73.21 trillion cubic meters and shared 41.3%. Europe & Eurasia 
shared 33.5% of the world proved reserves of natural gas. Africa and Asia Pacific both took 8.2%. S. & Cent. 
America and North America only took about 4.5% respectively. About the coal proved reserves, Europe & Eurasia, 
Asia Pacific and North America nearly divided the coal proved reserves of the world into three parts, which 
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 occupied 92.1% of the coal proved reserves, while the coal proved reserves of S. & Cent. America, Middle East and 
Africa only took 8% of the world proved reserves. 
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Fig. 1. Proved reserves distribution of energy in 2007 
There was a phenomenon that the main economic organizations had different energy endowments seriously, and 
more active economic organizations owned less energy. From the proved reserves of EU, oil, natural gas and coal 
respectively took 0.5%, 1.6%, 3.5%. The energies of OECD took 7.1%, 8.9% and 42.1%. The energies of Russia 
respectively took 10.4%, 30.2% 26.7%. The other EMEs’ coal proved reserves took 31.2%. The oil proved reserves 
of OPEC took 75.5% of global reserves, while OPEC10 comparably took 65.5%.  
To select several typical countries as research objects in this paper, including USA, Japan, UK, Germany, France 
and Russia, India and China. 
2. Energy production and consumption 
The self-sufficient degree of a country could be reflected by P/C (Production-to-consumption), which was got 
from dividing one kind of energy consumption by its production. If the ratio equaled to 1, it reflected that the 
country was self-sufficient on the energy with completely independence. If the ratio was smaller than one, it 
suggested that the country could satisfy native need, also exported. If the ratio was bigger than one, it suggested that 
the energy production didn’t satisfy the native demand, which needed to import the energy. Also, the ratio was 
smaller; the dependence on other countries is stronger. 
2.1.  Oil 
From 1985 to 2007, the P/Cs of India, USA and China quickly rose (Fig. 2), which respectively were up to 3.43, 
3.01 and 2.10. It meant that the oil productions of these countries didn’t satisfy native consumption, with a serious 
dependence on others. The oil production of Indian in 2007 was 1.28 times of year 1975, while its oil consume had 
increased 2.07 times. The oil production of USA in 2007 was only 65% of year 1985, while its consumption was 
132% of year 1985. In the period, the oil production in China had increased 1.5 times, but consumption had 
increased 4.3 times. It concluded that the oil production and consumption didn’t rise at the same step. It suggested 
that these countries consumed other countries’ oil greatly. But different from above countries, the oil P/C of Russia 
descended last 20 years. In 2007, the oil production of Russia declined to 91% of 1985, while the oil consumption 
was only 54% of 1985. The oil P/C of UK showed up-trend last 10 years. In 2007 it was at the level of 1. The oil 
production of UK in 2007 declined to 61% of 1985. 
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Fig. 2. Oil P/Cs in five countries from 1985 to 2007 
India, U.S. and China imported a great lot of oil, as oil P/Cs of these countries in 2007 was much bigger than 1. 
The ratios of the importing oil to its consumption respectively were 70.86%, 66.76%, 52.34%. On the contrary, 
Russia exported oil. The energy data of BP in 2007 suggested that USA imported oil of more than 10% from S. & 
Cent, 18.96% from America, 17.81% from Canada, 16.43% from Middle East, 14.31% from West Africa, 11.33% 
from Mexico. It was clear that, the oil importation of American was diversification, which depended on other 
countries dispersedly. Besides, the most oil importation came from neighbors, which provided the oil for American 
up to 50%. The 80.34% of Japanese oil importation came from Middle East, about 11% from Asia Pacific, 3.31% 
from Russia, 2.06% from East & Southern Africa, 1.70% from US. It was obvious that, there were also many 
channels of oil importation in Japan, while the oil importation depended on Middle East seriously. Compared with 
USA, the oil safety of Japan was lower. If oil production of Middle East once happened on reduction, the oil supply 
of Japan would be seriously influenced. Of oil importing sources in China, Middle East took the biggest ratio, up to 
38.79%. And the West Africa and Russia respectively took 17.63% and 12.93%. Asia Pacific (excluding 
Australasia, Japan and Singapore) took 10.88%. S. & Cent. America and East & Southern Africa took about 6%. It 
was concluded that the oil importation of China was also polynary. But compared with American, it was farther 
from the exporting countries to China, which would increase the cost and insecurity of importing oil. However, the 
exporting oil of Russia flowed to Europe 80.78%, to China 6.39%, to USA 5.49%. 
2.2. Natural gas 
There was no significant increase of natural gas production and consumption in these countries (Fig. 3). It 
indicated that the natural gas P/Cs in USA, UK, China and India were around 1 from 1970 to 2007, although it 
increased a little last ten years. Since 1978, the natural gas P/C of Germany had already been bigger than 1, with a 
steep trending. In 2007, the self-sufficient of natural gas in Germany was only 17.28%. It suggested that the natural 
gas consumption of Germany was more and more depending on other countries. In the meantime, the consumption 
took 24% of total energy consumption (including oil, natural gas, coal, nuclear energy, hydroelectricity).  
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Fig. 3. Natural gas P/Cs in countries from 1970 to 2007 
In 2007, the gas importation of Germany took 82.72% of its consumption. Of the gas consumption, 42.46% came 
from Russia, 28.36% from Norway, and 22.85% from Netherlands. Subjected to transportation, the gas generally 
imported from neighbors of Germany. But in Japan, China and India, they also imported liquefied natural gas. And 
Japan mainly consumed liquefied natural gas. On the opposite, Russia exported large quantities of gas through pipe, 
which took the 27.84% of world gas piping export. The natural gas of Russia was exported to Germany by 24.1% of 
total gas exportation, to Italy by 16.13%, to Turkey by 15.69%. 
2.3. Coal 
The coals P/Cs of these countries were distinctly different (Fig. 4). The coal P/Cs of France and Japan had 
attained or been over 100. The relative consumption of the UK and Germany continuously increased last 20 years. 
In 2007, the coal consumptions of these countries respectively took 4.7%, 24.2%, 18.1%, and 27.7%. Different from 
above countries, the coal P/Cs of India, China and USA were at the level of 1 around, while coal P/C of Russia 
descended in the past decade. Of energy consumption in 2007, coal consumption was 51.43% in India, 70.38% in 
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 China, 24.30% in the USA, 13.66% in Russia, while its average of world was only 28.63%. It was concluded that, 
China and India were main countries of coal consumption. China and India relied on coal greatly. It attributed to the 
abundant coals and great production, which could satisfy more than half native energy needs. But their oil and 
natural gas were lack seriously.  
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Fig. 4. Coal P/Cs in six countries from 1985 to 2007 
About other energies, nuclear energy and hydroelectricity occupied certain proportions in eight countries above 
mentioned. In 2007, the nuclear energy took up 39% of the whole energy in France. The proportion in Japan was 
12.2%. The proportion in Germany was 10%. But it was only 0.76% of the total energy consumption in China, 
which suggested that there was very big space for China to develop nuclear energy. Hydroelectricity wasn’t the 
main energy in the countries. In 2007, the hydroelectricity of Japan took 6.85% of total energy consumption. China, 
Russia and France respectively took 5.86%, 5.85%, 5.65%, while England was less than 1%. 
3. Energy consumption and economic growth 
As economy increases with different ways, and the consumption structures of the energy were different, the 
relations between energy consumption and economic development showed different ways. Calculating by PPP 
(purchasing power parity), the energy utilization efficiency of UK was the best, up to $10258.3/ton oil, which was 
3.3 times of Russia, or 2.7 times of China. The energy utilization efficiencies of France, Germany, India and Japan 
were better than average of the world, while the energy utilization efficiency of USA was placed on the average 
level of the world. Calculating by OER (official exchange rate), the energy utilization efficiency of UK was also the 
best. It was 7.2 times of Russia, or 6.6 times of China, or 5.2 times of India. The energy utilization efficiency of 
France, Germany and Japan were placed at the same level. The USA slightly fell afterward, though it was still 
higher than the average level of world (Fig.5). 
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F ig.5. Energy utilization efficiency of six countries in 2007 
 In 2007, China could produce $3812 (PPP) or $1808 (OER) with a unit of energy (equaling to a ton of oil), 
which are about 60% (PPP) or 30% (OER) of world average. It was concluded that China was a great power of 
energy consumption. Although it calculated by PPP or OER, there was a potential economization on energy greatly. 
Compared with China, the energy consumptions of England, France, Germany and Japan was smaller, but their 
energy utilization efficiencies were better, as a unit of energy could produce above $ 10000 of GDP. 
It discovered that Agriculture and Industry of China, Russia and India took large portions of their GDPs, while 
the portions of the Service were small. On contrary, the Services of England, France, USA and Japans were 
developed, which Agricultures were little portions of their GDPs (Table 1). 
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Table 1. Structure of energy consumptions and GDPs 
Countries 
Composition of main energy consumption in year 2007 
(Million tons oil equivalent) 
GDP 
In 2007, Unit: trillion $ Composition by sector in 2008 
Oil Natural 
Gas 
Coal Nuclear 
Energy 
Hydro- 
electricy 
Total PPP OER Agriculture Industry Services 
US 943.11  595.66  573.73  192.09  56.75  2361.4 14.11  13.98  1.20% 19.60% 79.20% 
France 91.30  37.69  12.00  99.66  14.40  255.1 2.08  2.52  2.20% 20.30% 77.40% 
Germany 112.49  74.47  86.03  31.79  6.22  311.0 2.82  3.28  0.90% 30.10% 69.00% 
Russia 125.88  394.93  94.50  36.16  40.51  692.0 2.15  1.14  4.10% 41.10% 54.80% 
UK 78.22  82.29  39.16  14.12  2.13  215.9 2.22  2.57  0.90% 22.80% 76.20% 
China 367.97  60.57  1311.41  14.22  109.26  1863.4 7.10  3.37  10.60% 49.20% 40.20% 
India 128.53  36.16  208.00  4.03  27.70  404.4 3.07  0.93  17.20% 29.10% 53.70% 
Japan 228.87  81.21  125.34  63.13  18.92  517.5 4.37  5.29  1.40% 26.40% 72.10% 
World 3952.82  2637.74  3177.54  622.02  709.22  11099.3 66.95  59.97  4.00% 32.00% 64.00% 
Note: The data is derived from “BP Statistical Review of World Energy, June, 2008” and “the world fact book”. 
It studied that agriculture and industry were high energy-consuming and low production, while the Service was 
low energy consumption and high production[1]. Therefore, China, Russia and India should devoted much effort to 
develop the Service, to reduce the portion of industry and agriculture in GDPs. The Services of the USA, England, 
France, Germany and Japan were main industries. The predominant position of the Service consumedly caused the 
high energy consumption and low production of industry and agriculture. Considering the structure of energy 
consumption, the coal took more than half of energy consumptions in China and India. The low utilization 
efficiency of coal was an important factor that reduced the energies efficiency[2]. It studied that the relation between 
the energy consumption and the economic growth wasn't strict linear relation in China. In 1991, it could produce 
2099 Yuan of GDP with a ton of standard coal, but in 2007, it could produce 9469 Yuan of GDP with the same coal. 
It suggested that the energy utilization efficiency of China had improved a lot. But compared with Germany, France 
and Japan, there was still a potential economization on energy greatly. 
4. Energy strategies of China  
4.1. Polynary energy strategies 
4.1.1. Polynary energy sources  
For the coal development, enterprise groups in China should be supported adequately through merger or 
recombination. It also should build pithead power plant, carrying out the joint of coal and electricity. In order to 
reduce environmental pollution t and promote energy efficiency, it should strengthen R & D of clean coal 
technologies. 
For the oil development, China's oil industry should be based on domestic market, taking full advantage of 
foreign markets. It should establish a risk fund to promote the development of oil. The Chinese government should 
formulate tax policy or tax exemption, which could prolong mining period of oil-field effectively. The international 
oil resources were the necessary part of the Chinese oil frame. Also it should establish a fund of oversea oil to 
participate in the global oil resources. 
For the natural gas, it should speed up exploiting the national resources, with the main areas of Sichuan-
Chongqing, Shanxi-Gansu-Ningxia, Qinghai, Xinjiang and three ocean areas of Bohai Sea, East China Sea and 
South China Sea. It should further prospect for the natural gas, with reasonable exploitation and raising efficiency. 
Besides these ways, it should import overseas gas with reasonable dispensation. Now, the most important thing was 
to speed up the existing pipeline construction, to open up the natural gas market.  
It had proved that the nuclear power was clean, safe and economic for half century. Although the Chernobyl 
accident was caused with the design defects and violation operations, it should be avoided[3]. The development of 
nuclear power could open up tremendous energy supply, which could also make up the shortage of the conventional 
energy, to achieve the strategic change. At present, China should actively apply third-generation nuclear power 
technology, and actively carry out the R & D of generation-iv nuclear power, keeping up with the forefront of 
international technology. Now, IAEA and G4 put forward the plans of creative nuclear energy system and the 
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 generation-iv nuclear power system[4].  
Besides the energy exploitation of China, it should also adjust the channels of oil importation. It meant that China 
should cooperate with neighbors in the north and the west of China, to reduce the portion of importable oil. The 
natural gas of China importing was still less. With the structural change of energy consumption, the gas 
consumption was increasing day by day. The importable natural gas would be more and more, which could also 
caused polynary situation of natural gas in the future. 
4.1.2. Polynary structures of energy consumption 
In implementing the energy diversification, it should learn from Japan, France, and Germany. The two oil crisis 
in 20th century brought important impacts to Japan economy. Japan had decided to adjust energy strategy and carry 
out energy diversification, for example, using more liquefied natural gas, developing nuclear energy and 
hydroelectricity, and applying wind power, solar energy, fuel cell and other new energies[5]. By 2007, the portion of 
natural gas consumption in Japanese reached 15.69% from 1.5% on the first oil crisis. And the portion of nuclear 
power consumption attained 12.2%. In France, it stored less oil, which was about 30 million tons, while its energy 
relied heavily on nuclear power. In 2007, its consumption of nuclear power was up to 39% of total energy 
consumption, while it was only 0.76% in China. Germany was different from the French. In order to develop clean 
energy actively, the government signed the agreement of rescinding nuclear energy with energy business. Now, 
Germany made a clear breakthrough in technologies of wind energy, solar energy and biogas[6]. And Wind energy 
had become the major renewable energy source in Germany[7]. 
In China, there was a great potential in new-born energies, though the exploration was just beginning and at 
laboratorial stage. The new energy, such as solar energy, wind energy, ocean power, terrestrial heat and 
hydroelectricity etc, was scattered, small scale, but widely distributed resources, the potential for larger. Withal, it 
should actively develop the cooperation in the areas of new energy and renewable energy. 
4.2. Energy safety strategy 
4.2.1. Oil storage. 
The developed countries attached importance to oil storage, which was treated as the most effective means of oil 
crisis. The USA, Japan and EU all built up huge oil storages. With the enhancive dependence on overseas oil and 
gas, China should enlarge the oil storage. The way of Chinese oil storage should combine the government and 
business, which needed more outlets to financing. And the oil storage needed legal guarantee.  
4.2.2. Environment safety 
In the next 30 years, China would face four major pressures of energy and environmental: SO2 in coal 
combustion on air improvement; the rapid growth of  NOx emitting from vehicles; ecological destruction and 
environmental pollution caused by coal mining; greenhouse gas brought by burning fossil fuels. To alleviate above 
pressures, China should develop clean coal technology actively (CCT). The CCT aimed at reducing the pollution 
and improve efficiency of coal processing, combustion, conversion, which was the predominant technology of 
energy development. There were other important technologies, such as coal washing, coal processing, coal-water 
slurry, boiler and furnace transformation, circulating fluidized bed combustion, integrated coal gasification 
combined cycle, pressurized fluidized bed combined cycle power generation, flue gas purification, coal gasification, 
coal liquefaction, fuel cells and so on[8]. 
In this regard, it should learn from abroad practices of environmental governance. It took the economic 
instruments to regulate the energy savings, such as taxing leaded gasoline, carbon dioxide. It was necessary to draw 
up laws, to build up reasonable energy price system, to alleviate the lack of resources, and to improve the 
environmental governance. 
4.3. Strategy of high-efficient energy  
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As above data analysis, there was a huge potential of energy savings in China. There were some ways of 
improving energy efficiency. The government should reconstruct energy organization to improve the energy 
efficiency. It should strictly carry out the higher energy efficiency standards of equipments. It further reformed the 
energy price, and reduced or even canceled subsidies of energy. It should optimize structures of energy, not only 
attaching importance to energy savings of industry, but also taking savages of transportation and construction. It 
should put off successful energy methods of the industrialized nation, such as integrative resources programming, 
least cost programming, demanding side management, etc[9]. Since reform and opening, China had promulgated 
and implemented the Coal Law, Power Law, Energy Conservation Law, Renewable Energy Law and other laws or 
regulations. On this basis, China should pay more attention to study and establish Energy Law, which was a legal 
basis for the energy system. Also, it should strengthen the enforcement of energy law[10]. 
5. Conclusions 
Finally, the energy strategy of China should be a continuable energy strategy. It was that energy savings took the 
first place in the energy strategy, based on domestic energy, with the polynary energy development. And it should 
protect environment with the development of science and technology. It should strengthen international cooperation 
reciprocally. It should make great effort to construct energy supply system of stability, economy, cleanness, safety, 
to support the development of economy and society with the continuable energy strategy. 
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